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Abstract 
Single-well deconvolution has become a commonly used tool during exploration or appraisal well analysis. Within a reservoir, 
the pressure drop as a function of time is equal to the convoluted product of the rate and the reservoir response at that time. To 
obtain the reservoir response, inverse convolution – or deconvolution - must take place. This technique, until recently, could 
only be applied to single-well reservoirs since the deconvolution algorithms assumed zero interference from surrounding 
wells.  
A multi-well deconvolution algorithm was recently presented by Gringarten et al, (2013), in which a single-well 
deconvolution algorithm was adapted to account for interference whilst deconvolving a group of communicating wells. This 
paper provides further evaluation of the algorithm by applying it to two regions of a North Sea oilfield – the first area 
including three interfering wells, and the second area including eight interfering wells.  
The deconvolved derivatives for four individual wells were analysed for permeability and boundary effects, and the 
results were in agreement with pre-existing seismic interpretation and geological knowledge of the area. The reliability of the 
deconvolved derivatives produced by the multiwell algorithm was confirmed by using the algorithm to perform single-well 
deconvolution and then comparing the results to the outputs from a well-trusted single-well deconvolution tool.  
The algorithm outputs an interference response for each pair of deconvolved wells, and this can be used as an 
interference tool. This paper demonstrates how interference responses can identify relative strengths of communication 
between wells and how storativity and permeability-thickness of the reservoir between a pair of wells can be obtained by 
interpreting the interference responses.  
It was determined that the run-times of the algorithm were reasonable, and a study of computer run-times is found at 
the end of this paper whereby some typical multiwell deconvolutions have been run on two different specifications of 
computer. 
 
Introduction 
Deconvolution is a method of extending the radius of investigation of the regular well test to predict additional features or 
boundaries. Traditional deconvolution is only applicable to reservoirs which feature a single well, since the technique assumes 
no interference from other wells. This makes it appropriate for exploration wells only, when in reality it would be useful to 
apply deconvolution to young producing fields with several interfering wells. 
 An algorithm was presented by Gringarten et al, (2013) which extended a single-well deconvolution algorithm to 
encompass multiple wells within a reservoir, whilst successfully managing interference effects between the wells. This 
algorithm is still in its early stages of development, and has been previously tested on a gas field which contained two 
interfering wells. In this paper, the aim is to test this algorithm using the data from a large North Sea oilfield, which has 
undergone a major drilling campaign and is now commencing a drilling break in order to better understand the character of the 
reservoir. The algorithm will be tested in two areas of the field – the first area focusses on a region to the south of the field 
including two producers and an injector. The second area of investigation focusses on a single-phase oil producer to the north 
of the field which experiences interference from up to ten other wells. Both areas will be analysed for communication between 
wells, boundaries within the compartments, and surrounding permeabilities by use of the multiwell deconvolution algorithm 
and the output interference pressure drops.  
 Finally, this paper attempts to verify the reliability of the multiwell deconvolution algorithm, by using the algorithm 
to perform single-well deconvolution in order to compare the results with other well-trusted deconvolution tools such as the 
Total Least Squares Deconvolution algorithm (TLSD). The multiwell algorithm will also be evaluated in terms of practicality 
of use and speed of calculation against the TLSD tool. 
 
Single-well Deconvolution 
Deconvolution Theory 
Deconvolution encompasses the idea that the drawdown is the convolution product of rate and reservoir response, which was 
Imperial College 
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first suggested by Hutchinson et al, (1959).  
 
If    is the pressure drop or drawdown,    is the initial reservoir pressure and      is the pressure as a function of time: 
 
              
 
Given that      is the rate and      is the reservoir response, the drawdown is therefore summarised by: 
 
                 von Schroeter et al, (2004) 
 
This can be expanded to show the convolution integral, where T is the duration of the well test:  
      ∫     
 
 
         
Estimating the reservoir response      requires inversion of the convolution integral, which is commonly known as 
deconvolution. If a well test consists of a single flow period with constant rate, the reservoir response is simply the derivative 
of the pressure drop with respect to log time. The deconvolution process therefore involves the conversion of a multi-rate test 
into a single drawdown of constant unit rate, so that the derivative can be analysed as the reservoir response. 
 
Methods of Single-well Deconvolution 
Many single-well deconvolution methods have been developed over the years, from as early as Jargon et al (1965), 
but the first dependable method was suggested by von Schroeter et al, (2001). It was significant as it was the first method to 
produce stable results even if the input pressures and rates contained some degree of noise, as is typical of field data. 
Schroeter’s method accounted for errors in pressure and rate data by formulating a Total Least Squares problem, which was an 
approach already well known within the fields of Numerical Analysis and Statistics. Additionally, the algorithm differed from 
previous methods because it solved the problem in a non-linear fashion – meaning that sign constraints, which were previously 
required for linear problem analysis, were no longer required.  
The method was updated by von Schroeter et al, (2002) with small changes applied to the algorithm, resulting in a 
final publication by von Schroeter et al in 2004. Independent evaluation was carried out by Levitan, M. (2005) and the 
algorithm was tested on several real field examples.  
Levitan published further evaluation of the method in 2006 with a thorough analysis of the effect of initial pressure on 
the deconvolution response. Subsequent papers were published proving how deconvolution can be used effectively within 
reservoir development. Of particular relevance was a paper presented by Gringarten, A. (2005) which recommended 
deconvolution as a useful tool for assessing the compartmentalisation and communication in a North Sea field, which is 
effectively what will be analysed with multiwell deconvolution in this paper. However, at the time of Gringarten’s 2005 paper, 
deconvolution was only available for single-well reservoirs with no outside interference. 
 
Multi-well Deconvolution 
The first method of applying deconvolution to multiple wells was suggested by Levitan, M. (2007). It was considered that 
single-well deconvolution was a useful technique, but it could only be applied to exploration or appraisal well situations. 
Therefore, to adapt the single-well deconvolution method to make it suitable for multiwell field situations would be an 
advantage. Multiwell deconvolution would then be useful because firstly the deconvolved derivatives could be used to identify 
boundaries as per normal deconvolution, and secondly the multiwell deconvolution method could identify the relative 
strengths of interference between multiple wells in a reservoir. 
Levitan adjusted the single-well deconvolution algorithm described in Levitan, M. (2005) to remove the interference 
effects from the surrounding wells in the reservoir, resulting in deconvolution responses being formulated for each of the wells 
as if it was producing alone in the reservoir at a unit rate. Limitations within this early multiwell deconvolution algorithm are 
highlighted - the interference signal between one main well and another well will be very weak compared to the pressure 
signal from the main well. This is a greater problem for distant interfering wells, and it can make it difficult for interference 
signals to be detected accurately. Finally, Levitan states that the deconvolution algorithm will fail if the wellbore skin changes 
during production, and for that reason it was suggested that only the pressure data obtained during well shut-in periods should 
be used for this multiwell deconvolution method. 
This first attempt at multiwell deconvolution was tested on two synthetic datasets which each contained two 
interfering wells. It was noted that the results varied in accuracy depending on the type of pressure data used and the 
scheduling of the shut-ins and flowing periods of the interfering wells.  
 
Adaptation of von Schroeter single-well deconvolution, by Gringarten et al. 
 In 2013, another adaptation of a single-well deconvolution algorithm was created for the purposes of multiwell 
deconvolution (Gringarten et al, 2013). A similar approach was taken, and the von Schroeter et al, (2004) single-well 
deconvolution method was adjusted to remove the effects of interference between wells. Again, the weak strength of 
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interference signals is noted as an issue, in addition to errors in rates and pressures that will mask interference signals. This 
multiwell algorithm is more robust in that it allows both shut-in pressures and flowing pressures to be used to perform the 
deconvolution.  
 The non-linear Total Least Squares method is therefore adapted and applied to the multiple well problem in the paper 
by Gringarten et al (2013). This is the algorithm which will be further tested below.  
 
Methodology 
Algorithm workflow 
The algorithm requires a pressure and rate file for each well in the interfering group. It generates its own pressures and rates 
which will yield a successful deconvolution, yet are similar to the original dataset. Finally, it iterates in order to match as 
closely as possible the simulated data, which can be deconvolved, to the original pressures and rates. The algorithm then 
outputs the deconvolved derivative and convolved pressure individually for each of the wells included in the deconvolution – 
with the interference from the remaining wells removed from these output signals. The output pressures and derivatives 
therefore represent how the pressure signal travels through the reservoir and is affected by the geology of the area of 
investigation, without any distortion due to pressure support or depletion from nearby wells.  
The early-time behavior of the deconvolved derivative represents an averaged wellbore storage and skin of all the 
buildups which have been deconvolved, and is not of particular use. The late time behavior represents the boundary model and 
reservoir scale features and therefore can contribute critically important reservoir characterization information. The algorithm 
also outputs, for each possible pairing of wells in the deconvolution, a convolved pressure signal representing the interference 
between those two wells, which has been removed from their individual pressure responses. The full workflow implemented in 
this project is outlined in Appendix 3. 
Field Data Acquisition 
The North Sea oilfield from which this data was derived includes a total of 39 producers and 13 injector wells. Pressure and 
rate data for the producing wells is obtained by means of downhole pressure gauges and flowmeters. Liquid rates are 
converted to surface conditions. Downhole pressure gauges are not installed for the injectors, so tubing head pressure gauge 
data is used, which is converted to bottomhole pressure data by estimating hydrostatic and frictional pressure gradients in the 
wellbore for both shut in and injecting conditions. Injection rates are obtained by surface injection meters. 
 
Testing Group 1 
This group is located to the south of the field and comprises of two producers, Producer P1 and Producer P2, and one injector, 
Injector I1. The first well online is Producer P1 in April 2007, followed by Injector I1 in June 2007 and then Producer P2 in 
January 2009. Both producers were single phase until April 2013, and they will be evaluated for that single phase period only. 
The group is isolated from the rest of the field because the two wells are only perforated in one particular oil-producing zone– 
however, there remains uncertainty over the interference between P1 and P2.  
 
Figure 1: Location of Testing Group 1, showing the location of potential faults observed from seismic in brown. 
 
Figure 2: Schedule of wells coming online – Testing Group 1 
Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 Jan-12 Jan-13
P1
I1
P2
18,000 hours from reference 35,000 hours from reference 50,000 hours from reference Single-well deconvolution of P1 
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The three wells (P1, P2 and I1) were input into the multiwell deconvolution algorithm. An arbitrary reference time was chosen 
to be 1
st
 December 2006, when all wells were offline, and deconvolutions were run on various sections of the dataset, namely: 
(1) Data for P1 from 0 hours to 4700 hours while it is producing alone in the reservoir, then (2) Data from 0 hours to 18000 
hours, (3) Data from 0 hours to 35000 hours, and (4) Data from 0 hours to 50000 hours.  
 Each deconvolution section was run once with all three wells included in the multiwell algorithm to account for all 
interferences within the group. Then, additional deconvolutions were run whereby a certain well was not included in the 
multiwell algorithm, to test the impact on the deconvolved derivatives of the wells included in the algorithm, and therefore 
assess how much that ignored well interferes with each of the other wells in the group. 
 The initial pressure of the group was taken from a standard field value, scaled to a group reference, and then verified 
by deconvolving buildups using a single-well deconvolution tool. Details of this verification of initial pressure can be found in 
Appendix 4. 
 
Analysis of Testing Group 1 
In order to present the deconvolution results, the legends on the plots will be labelled in the following fashion – the well which 
the pressure or derivative refers to will be written first. The well names in brackets indicate which other wells have been 
included in the deconvolution and therefore their interference has been removed from the final result. Solid lines represent 
convolved pressure drops, and dashed or dotted lines represent deconvolved derivatives. 
 The algorithm outputs a history matched plot for each deconvolution, which displays how the original pressures and 
rates match up to the simulated pressures and rates which would produce the deconvolved results. History match plots for a 
few example deconvolutions are shown in Appendix 5. 
 
Benefit of multiwell deconvolution when analysing a producing field 
The advantage of multiwell deconvolution can be easily seen in Figure 3 which displays regular well test analysis (WTA) data 
from a single long build-up, and the deconvolved results for both single-well and multiwell deconvolution. Without 
deconvolution, the only available information will be derived from the regular well test analysis – and when compared to the 
deconvolved results, it is obvious that deconvolution provides significantly more reservoir information. However, this well is 
located in a producing field, surrounded by interfering wells, so the derivative obtained via single-well deconvolution must be 
distorted by the effect of interference. The single-well deconvolution result in Figure 3 is notably different in shape compared 
to the multiwell deconvolution results for 50,000 hours. Therefore, in a producing field, only through multiwell deconvolution 
is it possible to obtain a clear and reliable derivative which represents the geological characteristics of the surrounding 
reservoir. The purpose of deconvolution is not to make calculations based on early time behaviour, since regular well test 
analysis can do that – and the early time features of a deconvolved derivative is the average of all the buildups included in the 
deconvolution and therefore not representative. Rather, the advantage is in analysing the extra middle/late time behaviour of 
the derivative which is beyond the scope of regular well test analysis and provides an extended view into the reservoir. 
 
Figure 3: P1 multiwell deconvolution results after 50,000 hours, showing the benefit of multiwell deconvolution against regular well 
test analysis (WTA) and single-well deconvolution 
 
Interference within Testing Group 1 
Injector I1 initially contributes a strong pressure support to Producers P1 and P2, however over time this pressure support 
diminishes. Figure 4 shows deconvolved derivatives and pressures for P1 after 35,000 hours - including one case where P1, P2 
and I1 have been included in the deconvolution, so the interference of both P2 and I1 has been removed from the P1 
deconvolved results, and another case where only P1 and P2 has been included in the deconvolution so the interference from 
I1 has not been removed from the P1 deconvolved results. The difference between the two cases is the interference from I1 
onto P2 is very large, implying that I1 is having a large effect on the pressure response of P1.  
This is repeated for 50,000 hours and the difference between the two cases is now smaller, as shown in Figure 4. This 
shows that between 35,000 hours and 50,000 hours, the pressure support from I1 is being reduced – which can be explained by 
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extreme pressure depletion at 50,000 hours over a field-wide scale due to intensive new production from other reservoir 
compartments and layers.  
 
 
Figure 4: Deconvolution responses for well P1 after 35,000 hours       Figure 5: Deconvolution responses for well P1 after 50,000 hours 
This is confirmed by a similar analysis for P2, which is seen in Figure 6 and Figure 6. 
 
Figure 6: Deconvolution responses for well P2 after 35,000 hours      Figure 7: Deconvolution responses for well P2 after 50,000 hours 
The interference pressure responses (for a unit drawdown) output by the algorithm confirm these observations. The P1/I1 and 
P2/I1 interference responses for a unit drawdown after 50,000 hours are lower in magnitude than the responses after 35,000 
hours, as seen in Figure 8. These interference responses were obtained from 3-well deconvolution accounting for all 
interference in the group. 
 
 
Figure 8: Interference signals for P1/I1 and P2/I1 interference, after 35,000 and 50,000 hours 
 
It is also apparent that the interference between P1 and P2 is less than the interference between each producer and I1. This can 
be seen by observing in Figure 9 the difference between the P1 derivative responses, if interference from P2 and I1 are 
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accounted for in the deconvolution and if I1 interference only is accounted for. The deconvolution with only I1 interference 
removed is very similar to the deconvolution with I1 and P2 interference removed – hence suggesting that the interference 
effect of P2 onto the well P1 is very small. The well P1 was also deconvolved alone, with interference distorting the final 
derivative. Well P1 was then deconvolved with P2 included in the algorithm, and there was very little difference between the 
two derivatives – therefore suggesting that P2 has a small effect on the P1 deconvolved derivative. 
 
 
Figure 9: Deconvolution responses for well P1 after 50,000 hours, showing the small effect of including the interference from P2 
 
A similar analysis was carried out on P2 by observing the effect of adding and removing P1 from the deconvolution, and again 
the effect was minimal, as seen in Figure 10. 
 
Figure 10: Deconvolution responses for well P2 after 50,000 hours, showing the small effect of including the interference from P1 
 
  
Figure 11: Interference responses after 50,000 hours deconvolution. 
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Figure 11 reveals that the interference response (for unit drawdowns) between P1 and P2 is very low during the majority of the 
deconvolution and only becomes noticeable after 10,000 hours which is at the extreme late-time of the deconvolution. This 
implies geological heterogeneities in the fluid pathways between the wells and therefore the wells experience different levels 
of interference with each other. 
 
Validation of multiwell deconvolution algorithm – Comparison of multiwell algorithm and existing deconvolution tools. 
The multiwell algorithm was used to perform a deconvolution involving only one well (single-well deconvolution) and the 
result was compared to other more widely-tested single-well deconvolution tools including the Total Least Squares 
Deconvolution tool. The aim was to confirm whether the deconvolutions calculated using the new algorithm were consistent 
with deconvolutions performed using widely trusted software tools.  
The single-well deconvolution was tested using producer P1 from Testing Group 1, during a 1300 hour period when it 
was the only well online in its Testing Group. Throughout this time period, the well is suitable for single-well deconvolution 
because it is not receiving interference from any other wells. 
The deconvolution obtained by the multiwell algorithm and its comparison obtained using the Total Least Squares 
Deconvolution algorithm can be seen in Figure 12. The two deconvolutions match very well, indicating that the multiwell 
algorithm is an accurate adaptation of the single-well TLSD algorithm which uses the well trusted deconvolution algorithm of 
von Schroeter et al (2004). 
 
Figure 12: Comparison between deconvolutions performed on Multiwell Algorithm and Total Least Squares (TLSD) single-well 
deconvolution tool - Well P1 
 
The final deconvolved derivatives for P1, P2 and I1 are superimposed on a plot in Figure 13. It is obvious that at late time, 
(>10,000hours), they are showing the same trends. This confirms that deconvolution is accurately predicting the late time 
behavior of the well test in a consistent manner - since two wells within the same reservoir compartment should predict similar 
late-time responses which are characterized by compartment-scale features. It is not surprising that the late-time derivative for 
I1 is shifted slightly away from the derivatives of the two producers, due to the difference in viscosity between the fluid in I1 
(water) and the fluid in P1 and P2 (oil). 
 
Figure 13: Deconvolved derivatives for P1, P2 and I1, after removing all interference effects. 
 
Geological characterisation of Testing Group 1 
The final deconvolution results for P1, P2 and I1, as seen in Figure 13 were analysed for permeability and boundary effects. 
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Faults detected by seismic interpretation were modelled in a numerical simulation which was used to define the boundaries of 
both wells. 
These faults were adjusted in orientation and sealing factor until a suitable match was determined. Notably, an 
arrangement of semi-permeable baffles to flow was necessary between P1 and P2 before a suitable pressure and derivative 
match was achieved for both wells. Independently constructed simulation models of the region were forced to include a 
partially sealing baffle to flow between P1 and P2 in order to accomplish accurate history matching for the area. This is 
confirmation that the multiwell deconvolution algorithm is generating results that are consistent with studies carried out in 
other fields of reservoir engineering. 
Therefore, it is suggested that the following boundaries exist around the P1/P2/I1 area as shown in Figure 14. 
 
  
Figure 14: Proposed location of potential boundaries in Testing Group 1. Brown regions represent the previous fault model of the 
field, obtained via seismic interpretation. Solid yellow lines (for sealing faults) or broken yellow lines (for semi sealing faults) display 
the faults modelled to obtain a pressure match with the deconvolution results. There is a close correlation between faults from the 
pressure match and the faults from seismic. The main difference is the new semi sealing faults present between P1 and P2. 
A potential arrangement of boundaries shown in Figure 14 provided the following set of pressure and derivative matches for 
P1, P2 and I1 which are displayed in Figure 15, Figure 16 and Figure 17. Drawdown pressure matches for both wells are 
available in Figure 18. It is worth noting that, as in normal well test analysis, the solution is non-unique. 
 
 
Figure 15: Convolved pressure drop and deconvolved derivative match for P1 final multiwell deconvolution analysis 
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Figure 16: Convolved pressure drop and deconvolved derivative match for P2 final multiwell deconvolution analysis  
 
Figure 17: Convolved pressure drop and deconvolved derivative match for I1 final multiwell deconvolution analysis 
  
Figure 18: Drawdown pressure history match for final multiwell deconvolution analysis of P1, P2 and I1 (left to right) 
The boundary model defined by deconvolution was then applied to regular well test analysis data, and the permeability and 
skin were evaluated to complete the reservoir characterization process. The results are found in Appendix 6. 
 
 
Testing Group 2 
Towards the north of the field, between January 2007 and July 2012, there was a group of six producers and one injector 
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within the same compartment, perforated in the same upper oil-bearing zone (Zone 1) and thought to experience interference 
from each other.  
The first wells to come online in this group were four injectors I10, I11, I12 and I13 which began injection in the first 
half of 2007. This was followed by six producers known as Producer P10 in March 2009, Producer P11 in October 2009, 
Producer P12 in December 2009, Producer P13 in February 2010, Producer P14 in August 2011 and Producer P15 in January 
2012. A final injector I14 came online in March 2010. The Producer P13 is separated from P10, P11 and P12 by a proposed 
fault, as seen in Figure 19. The well timeline is shown in Figure 20. 
It is hoped that multiwell deconvolution can estimate whether interference from P10, P11 and P12 is affecting the 
producer P13 and hence whether the fault between them is sealing. It is also hoped that the interference between P13 and the 
injector clusters can be investigated. Therefore, the analysis for this Testing Group will focus on well P13 and its relationship 
with the producers below the fault and with the surrounding injectors.  
 
 
Figure 19: Location of Testing Group 2, showing the locations of faults detected from seismic in brown. 
The well P13 was the focus of this Testing Group so therefore it was included in every deconvolution. Groups of wells were 
deconvolved together with P13, in order to build up a picture of which wells were in communication and which wells were 
not. Therefore, certain wells were able to be eliminated from the Testing Group. The initial pressure of the group was taken 
from a standard field value, scaled to the depth of P13 top perforations, and then verified by deconvolving buildups using a 
single-well deconvolution tool. Details of this verification of initial pressure can be found in Appendix 4. 
  
Figure 20: Schedule of wells coming online –Testing Group 2 
An arbitrary reference time was chosen to be 8
th
 January 2007, when all wells were offline, and deconvolutions were run on 
various sections of the dataset, namely: (1) Data from 0 hours to 35191 hours, (2) Data from 0 hours to 40000 hours, and (3) 
Data from 0 hours to 48400 hours.  
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Analysis of Testing Group 2 
Interference within Testing Group 2 
Uncertainty over the sealing nature of the fault between P11 and P13 made it very important to deconvolve P13 alone and then 
together with P11, in order to analyse whether interference from P11 impacted on the response at P13.  
 
Figure 21: P13 deconvolved results, showing the effect of adding P11 interference into the deconvolution, analysed at all 3 timesteps 
The results displayed in Figure 21 show that there is a clear difference between the deconvolved results of P13 alone and the 
results of P13 with the P11 interference removed, indicating that P11 does contribute to the interference on P13. This 
difference is noticeable after ~ 500 hours of deconvolution. The two wells have a strong interference after 500 hours, but not 
before this time - so it can be concluded that the fault between the two wells must exist and be reasonably sealing to cause 
such a long delay until the effect of interference from P11 is felt on P13.  
 It is encouraging to note that the deconvolution results for 33191 hours, 38000 hours, and 46400 hours are consistent 
for both P13 single-well deconvolution and P13/P11 deconvolution. The interference pressure drops between P13/P11 are also 
displayed in Figure 21 for each time period of deconvolution, and these interference pressure drops become noticeable at 
around 500 hours. 
 Five injectors were initially included in the deconvolution group although it was noted that three of them – I10, I11 
and I13 – were quite far from P13 and therefore their interference on P13 may be very weak. P13 was deconvolved alone and 
then with each of I10, I11 and then I13 in order to see the impact on P13’s derivative. It is clear from Figure 22 that adding 
I10, I11 or I13 into the deconvolution group does not have a large impact on P13’s derivative and therefore they can be 
considered to have minimal interference with P13. Deconvolving I12 and I14 with P13 does have a large impact on P13’s 
derivative, as can be seen below in Figure 22, so therefore these two injectors cause significant interference on P13. The 
interference responses between P13 and each of the wells is displayed in Figure 23 and although it confirms that I12 and I14 
contribute the most to the interference on P13, the difference between those wells and others such as I10 and I13 is not so 
distinctive. This is a reminder that interference responses are all very weak and there may be high uncertainty within the 
interference responses – since separating interference signals in a complex field is very difficult. 
 
Figure 22: Deconvolving P13 alone and then sequentially with each injector. Addition of I10, I11, and I13 into the algorithm, so their 
interferences are accounted for, did not hugely change the P13 derivative shape (left hand plot). Adding I12 and I14 into the algorithm 
(so their interferences are removed) caused noticeable changes to the deconvolved derivative of P13. 
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Figure 23: Interference responses between injectors and P13 showing that I14 and I12 contribute the most interference to P13 
Further deconvolutions of P13 were undertaken, each time adding an additional well into the deconvolution. The interference 
responses of each new well were checked, to confirm that the new well is indeed an interfering well and its presence in the 
deconvolution group is necessary. 
 
 
Figure 24: P11 interference is removed from P13 deconvolved derivative. P11 will cause Δp to increase due to extra depletion caused 
by P11’s production. Removing that effect will cause Δp to reduce in late-time and therefore the change in Δp also reduces. 
 
  
Figure 25: I12 and then I14 interference is removed from P13 deconvolved derivative. Each time, the late-time derivative curves 
upwards, indicating the change in Δp is increasing and hence Δp itself is increasing. This is due to the depletion from producers, 
now that the pressure support from the two injectors has been removed. 
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Figure 26: P10 and P12 interference is removed from P13 deconvolved derivative. Removing the effects of pressure depletion due to 
P10 causes the derivative to decrease in each instance. Removing the effect of pressure depletion due to P12 causes the derivative to 
increase, which is an anomaly – this is the opposite of the expected effect. 
 
 
Figure 27: P15 and P14 interference is removed from P13 deconvolved derivative. However, removing P15’s interference causes very 
little change in derivative, indicating low interference between well P13 and P15. This is in agreement with general knowledge of the 
field. Well P14 has more of an impact on the shape of the derivative, and removing its interference causes the derivative to decrease 
as expected. This is the final well in the group so all interference has now been accounted for, resulting in a final deconvolved 
derivative representing the geological characteristics around P13. 
Validation of multiwell deconvolution algorithm – Comparison of multiwell algorithm and existing deconvolution tools. 
Deconvolution was performed on well P13 only; in both the multiwell algorithm and the well-known Total Least Squares 
deconvolution tool (TLSD). The results, shown in Figure 28, conclude that the multiwell algorithm is deconvolving with a 
high level of consistency with TLSD.  
 
Figure 28: Comparison between deconvolutions performed on Multiwell Algorithm and TLSD single-well deconvolution tool - Well 
P13. It is worth remembering that in deconvolution, the early-time derivative is an average of skin and wellbore storage of all the build 
ups in question and is not expected to match with the regular well test analysis. 
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Another validation of the multiwell deconvolution is shown in Figure 29. The final deconvolution responses for P13 are 
displayed, both for 33191 hours and 46400 hours. The late-time derivatives for both deconvolutions are clearly matching and 
following the same trend. 
 
Figure 29: P13 final responses at 33,191 hours and 50,000 hours showing same late time trend.  
 
Geological characterisation of Testing Group 2 
The final deconvolution derivative for P13 was analysed for boundary effects and permeability. The boundary model of the 
system was initially based on faults proposed after seismic interpretation of the area. Similarly to the analysis on P1 and P2, 
the faults were moved and changed in sealing factor, as seen in Figure 30, and extra faults were added to obtain a good 
pressure match during well test analysis, as seen in Figure 31 and Figure 32. 
 
Figure 30: Proposed location of boundaries in Testing Group 2. Brown regions represent the previous fault model of the field, 
obtained via seismic interpretation. Solid yellow lines (for sealing faults) or broken yellow lines (for semi sealing faults) display the 
faults modelled to obtain a pressure match with the deconvolution results. There is a close correlation between faults from the 
pressure match and the original brown faults from seismic. The faults around P13 have been narrowed to create a tighter channel 
structure and have been made slightly non-sealing. 
 
 
Figure 31: Convolved pressure drop and deconvolved derivative match for P13 final multiwell deconvolution analysis 
0.0001
0.001
0.01
0.1
1
0.001 0.01 0.1 1 10 100 1000 10000 100000
Δ
p
 (
p
s
ia
) 
Time (hrs) 
P13 - (P10 P11 P12 P14 P15 I12 I14) 48400
P13 - (P10 P11 P12 P14 P15 I12 I14) 48400
P13 - (P10 P11 P12 P14 P15 I12 I14) 35191
1E-3 0.01 0.1 1 10 100 1000 10000
Time [hr]
1E-3
0.01
0.1
P
re
s
s
u
re
 [
p
s
i]
0.01
0.1
1
10
100
1000
10000
1E+5
Time [hr]
1E-4
1E-3
0.01
0.1
P
re
s
s
u
re
 [
p
s
i]
0.
01
0.
1
1
10
10
0
10
00
10
00
0
1E
+5
Ti
m
e 
[h
r]
1E
-4
1E
-3
0.
01
0.
1
P
re
ss
ur
e 
[p
si
]
Convolved pressure from deconvolution 
Deconvolved derivative from deconvolution 
Pressure drop from model 
Derivative from model 
P
re
ss
u
re
 (
p
si
) 
Application of Multiple Well Deconvolution Method in a North Sea Field  15 
 
 
 
 
 
 
 
 
The boundary model defined by the deconvolution results was then 
applied to regular P13 build up data and pressure transient analysis was 
undertaken, in order to obtain permeability and skin values and hence 
complete the process of characterizing the reservoir. The results are 
found in Appendix 7. 
 
Interpretation of interference pressure drops.  
The output interference response for a pair of wells can be interpreted within well test analysis software to obtain values for 
storativity of the reservoir between those two wells. An example is shown in Figure 33 where the interference response 
between well P13 and well P10 is analysed. The interference response was analysed using a linear composite model, which 
was selected to match the steep upwards trend of the derivative in the late-time – indicating that a geological change has 
occurred between P13 and P10. This also confirms previous geological knowledge of the field, since it is known that certain 
sands vary over the field and pinch-outs occur leading to changes in porosity and storativity.  
 
 
 
Figure 33: Interpretation of interference response between P13 and P10 - after 33191 hours 
Storativity between P13 and P10, or ϕcth, can be estimated from known reservoir values to be 1.7 x 10
-4
 feet/psi. From the 
interference interpretation, the storativity of the reservoir between P13 and P10 was confirmed to be 1.8 x 10
-4
feet/psi. It was 
noted that it was extremely difficult to match some of the other output interference pressure drops and derivatives – and some 
of the interference responses appeared to be quite noisy. This is a reminder of the difficulty in evaluating interference between 
wells, since the interfering signals are weak and difficult to detect, especially within a busy field. An area for further work 
could involve investigating the interference responses which are output specifically from large deconvolution groups and 
estimating their uncertainty.  
 
Practicality of use  
The deconvolution algorithm has been shown to deliver reliable and expected results; however its place alongside commercial 
software packages will also depend on its practicality and ease of use. The algorithm requires a computer with large amounts 
of RAM – for the large deconvolutions required in this paper, 16-32GB RAM was required. Levels of filtration can be applied 
to shrink large datasets, although wells with many operational changes and shut-ins are likely to require more data points to 
successfully characterise them.  
In order to evaluate the run-times of the multiwell algorithm, sections of well data taken from the Testing Group 2 
were deconvolved together and the run-times are displayed in Table 1. Two different computers were used of different 
specifications, and deconvolution was carried out with between 1 and 4 wells. Single-well deconvolution runtimes were 
compared with run-times obtained from the single-well deconvolution algorithm TLSD. The data for each well consisted of 
approximately 2500 pressure points and 200 rates. Full details of the selected data subset, and the specifications of the 
computers used, can be found in Appendix 8. The number of response nodes generated for each deconvolution was 30. 
 
 Computer 1 Run Time Computer 2 Run Time 
Well 1 – TLSD 1min 51s 0min 38s 
Well 1 – Multiwell 0min 48s 0min 27s 
Well 1,2 – Multiwell 7min 12s 0min 47s 
Well 1,2,3  – Multiwell 18min 23s 4min 33s 
Well 1,2,3,4  – Multiwell 40min 45 9min 4s 
Table 1: Run-times for selected single-well and multiwell deconvolutions 
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If the algorithm was used widely within industry, it would most likely be run on machines similar in specification to 
Computer 2. Using this computer, four wells with a total of 10,000 pressure points can be deconvolved in 9 minutes. This 
makes multiwell deconvolution a very feasible option for small producing field characterization. However, as well count 
increases, run-times can stretch into hours or days in length. The exact run-time unfortunately does not correlate directly with 
well count or number of data points, but also depends on how the algorithm converges with that particular data set.  
It is thought that as the number of wells within a deconvolution group increases, the uncertainty in the results 
increases. This is suggested in the paper written by Gringarten et al, (2013) because the method of determining weight 
hyperparameters is not as accurate for larger multiwell problems. One area for further study is to analyse the uncertainty of the 
algorithm as it tackles a large deconvolution problem.  
 
Conclusions 
Multiwell deconvolution has been shown to successfully deconvolve well test data which is experiencing interference, hence 
extending the benefit of deconvolution to producing fields. Variation of the wells included in the deconvolution can allow 
conclusions to be drawn about well interference and how that interference changes over time. Interference results have been 
consistent both within the multiwell deconvolution analysis, and with other independent reservoir engineering studies. 
Additionally, the final deconvolved derivatives have been successfully analysed for reservoir boundaries and the results have 
been largely in agreement with expected geophysical models. An example dataset containing a total of 10000 pressures was 
shown to deconvolve in reasonable run-times, as long as computer memory is large enough to accommodate the matrices 
generated by the algorithm. Further investigation can be undertaken to see how the algorithm reacts to larger well groups and 
how much extra uncertainty is induced into the deconvolved results and interference responses by increasing the 
deconvolution well count. 
 
Nomenclature 
      Drawdown or pressure drop as a function of t.      Reservoir response as a function of t 
   Initial pressure T Total duration of well test 
     Pressure as a function of t t Time t during well test 
     Rate as a function of t   Natural log of time 
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Appendix A.1: Literature Milestones  
Critical Milestones in the field of Multiwell Deconvolution 
 
  
SPE 
Paper # 
Year Title Authors Contribution 
1123 1959 “A Generalized Water-
Drive Analysis” 
Hutchinson, T. 
S. and Sikora, 
V. J. 
First to suggest that the pressure drop in an aquifer, as a 
function of time, is the convolution product of rate and 
reservoir response, and that to obtain the reservoir 
response an inverse convolution should be carried out. 
981 1965 “Unit Response Function 
from Varying-Rate 
Data” 
J. R. Jargon, 
H. K. van 
Poollen 
First to suggest varying-rate data for a well test involving 
a single well in a reservoir can be deconvolved to a 
constant rate pressure response called a unit response 
function.  
71574 2001 “Deconvolution of Well 
Test Data as a Nonlinear 
Total Least Squares 
Problem” 
T. von 
Schroeter, F. 
Hollaender, A. 
Gringarten 
First publication of a stable deconvolution algorithm 
which had been a long-standing problem in well test 
analysis previously. First to publish an algorithm which 
deconvolves even with noisy pressure and rate data. 
77688 2002 “Analysis of Well Test 
Data from Permanent 
Downhole Gauges by 
Deconvolution” 
T. von 
Schroeter, F. 
Hollaender, A. 
Gringarten 
Improvements to the stable deconvolution algorithm 
which was published in SPE-71574. 
First to derive error bounds for rate and response 
estimates and to give estimates for bias and confidence 
intervals of the parameters. 
77688 2004 “Deconvolution of Well 
Test Data as a Nonlinear 
Total Least Squares 
Problem” 
T. von 
Schroeter, F. 
Hollaender, A. 
Gringarten 
Re-publication of previous SPE papers which were 
presented at Technical Conferences – (71574 and 77688) 
- resulting in the first Journal publication of the Total 
Least Squares deconvolution algorithm.  
84290 2005 “Practical Application of 
Pressure-Rate 
Deconvolution to 
Analysis of Real Well 
Tests” 
M. Levitan First to independently evaluate and then enhance 
Schroeter’s deconvolution algorithm to allow it to handle 
inconsistent data sets, which makes the algorithm more 
suitable for real-life well testing data which usually has 
some inconsistency. 
90680 2006 “Practical 
Considerations for 
Pressure-Rate 
Deconvolution of Well-
Test Data” 
M. Levitan, G. 
E. Crawford, 
A. Hardwick 
First to evaluate and consider all issues with regards to 
carrying out deconvolution feasibly, especially 
demonstrating the importance of selecting the correct 
initial pressure. 
93988 2005 “Analysis of an 
Extended Well Test to 
Identify Connectivity 
Between Adjacent 
Compartments in a 
North Sea Reservoir” 
A. Gringarten First to recommend that deconvolution be used to identify 
reservoir boundaries rather than the common practice of 
conventional well test analysis or simply relying on 
seismic alone. Recommends deconvolution instead of 
conventional well test analysis due to short flow periods 
of well tests which are difficult to interpret. 
102484 2007 “Deconvolution of 
Multiwell Test Data” 
M. Levitan First to formulate a multi-well deconvolution algorithm 
which is tested on synthetic pressure and rate data. 
Importance of correct testing sequence is highlighted 
(coordinating one well to be observing while the other 
interfering wells are active) rather than all wells being 
active all the time. 
166458 2013 “Multiple Well 
Deconvolution” 
J. Cumming, 
D. Wooff, T. 
Whittle, A. 
Gringarten 
First to formulate a multiwell deconvolution algorithm 
which is tested on a field example (in a gas field), with 
uncertainty analysis which considers the impact of non-
uniqueness on multiwell deconvolution.  
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Appendix A.2: Critical Literature Review  
 
SPE No. 981 
Title : Unit Response Function from Varying-Rate Data 
Authors: J. R. Jargon, H. K. van Poollen 
Year: 1965 
Contribution: 
This was the first paper to suggest that data collected under a varying well rate, for a single well in a reservoir, can be 
deconvolved to result in a constant rate pressure response, which is called a unit response function. 
Objective of the paper: 
To explain a method used to convert varying rate data to constant rate conditions, and to test this method. Additionally, this 
report includes examples of applications of this method using field data. 
Methodology used: 
The method of superposition is used to formulate the conversion between varying rate data to a constant rate pressure 
response. 
Conclusions: 
1. The method which is explained in the paper gives good results when converting varying rates to a constant rate.  
2. If rates vary too much or if the variation is too early, the method will not work. 
3. When the method was tested, the error in the calculated response function was around 1%. 
 
SPE No. 6056 
Title : Detection and Location of Two Parallel Sealing Faults around a Well 
Authors: D. Tiab, A. Kumar 
Year: 1980 
Contribution: 
This was the first paper to fully investigate pressure behaviour of a well between two parallel faults, and to determine that  
semilog Horner plots are not suitable for determining the presence of two parallel faults. 
Objective of the paper: 
To analyse how the well test pressure response will react to two parallel faults creating a flow boundary on either side of the 
well. 
Methodology used: 
The Ei solution to the diffusivity equation and its first time derivative were used to study the effect of faults on well 
drawdown and buildup pressure behaviour. The principle of superposition was used to simulate the necessary boundaries 
and to generate the drawdown and buildup pressure behaviour.   
Conclusions: 
1.  Semilog drawdown and buildup Horner type graphs do not show the existence of two faults.  
2. The presence of two faults can be determined by analysing a log-log graph of Pwf against time. 
 
 
SPE No. 71574 
Title : Deconvolution of Well Test Data as a Nonlinear Total Least Squares Problem 
Authors: T. von Schroeter 
Year: 2001 
Contribution: 
This was the first publication of a stable deconvolution algorithm which had previously been a long-standing problem in 
well test analysis.  
The algorithm was considered a breakthrough because it remained stable and functional even with noisy pressure and rate 
data, and this shows potential of being used in a real-life environment. 
Objective of the paper: 
To show the first stable deconvolution algorithm and explain carefully its derivation and its formulation. A secondary 
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objective was to publish results of testing the deconvolution algorithm with simulated and field data. 
Methodology used: 
The deconvolution formulation was developed using a Total Least Squares method. This is a standard approach in many 
other numerical analysis applications but had not been used before in well test analysis. 
Solution space is parameterized implicitly which refers to the way that the solution reflects prior knowledge about the 
solution. This means that the solution becomes non-linear. 
Conclusions: 
1. The presented method of implicit non-linear Total Least Squares deconvolution method is much more effective 
than previous attempts using linear explicit Least Squares methodology. 
2. Another improvement in deconvolution method is the inclusion of an error model which accounts for errors in 
pressure and rate data. 
3. Initial trials of the algorithm with simulated and field data suggest that the new deconvolution method is effective 
and stable, producing smooth response functions from noisy data which can still be interpreted. 
 
 
SPE No. 77688 
Title : Analysis of Well Test Data from Permanent Downhole Gauges by Deconvolution 
Authors: T. von Schroeter, F. Hollaender, A. Gringarten 
Year: 2002 
Contribution: 
Improvements to the stable deconvolution algorithm which was published in SPE-71574 were highlighted in this paper.  
First method to estimate the bias and confidence intervals of the parameters. 
Objective of the paper: 
The objective of the paper is to present a number of improvements to the previous deconvolution algorithm, and to introduce 
a new method of determining error bounds for rate and response estimates in the presence of data uncertainty. 
A secondary objective is to present results from running the deconvolution algorithm on field examples. 
Methodology used: 
Expected bias vector and covariance matrix of the parameter set are derived from simple Gaussian models for the 
measurement errors in pressure and rate. 
Conclusions: 
1. This new deconvolution algorithm is more stable and less affected by errors/noise in the rate data than algorithms 
previously published, probably due to the fact that rate uncertainty is included in the error model. 
2. Deconvolution is superior to normal derivative analysis because deconvolution method doesn’t become biased 
based on assumptions from the implicit model (like normal derivative analysis). Also, deconvolution is not 
restricted by the choice of the pressure data window, so there is a greater radius of investigation. Finally, 
deconvolution is sensible in the way it handles measurement error. 
 
 
SPE No. 84290 
Title : Practical Application of Pressure/Rate Deconvolution to Analysis of Real Well Tests 
Authors: M. Levitan 
Year: 2005 
Contribution: 
Independent evaluation of the von Schroeter algorithm which had been previously published in SPE paper 77688. 
Objective of the paper: 
To evaluate the effectiveness of the von Schroeter algorithm, and to improve the algorithm to compensate for some 
inefficiencies. 
Methodology used: 
The deconvolution algorithm was seen to be improved if the algorithm is used with the pressure data from an individual 
flow period rather than for all the flow periods at once. When deconvolving test pressure data for one flow period at a time, 
there is more comparison and evaluation involved. 
Conclusions: 
1. The von Schroeter algorithm works well on consistent sets of pressure and rate data.  
2. However, when data is inconsistent (as it commonly is in real life) the algorithm fails. For example, if the wellbore 
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storage or skin changes during a well test sequence.  
3. Improvements to the algorithm are presented in the paper, so that it can be used with inconsistent real test data. 
 
 
SPE No. 90680 
Title : Practical Considerations for Pressure-Rate Deconvolution of Well-Test Data 
Authors: M. Levitan, G. Crawford, A. Hardwick 
Year: 2005 
Contribution: 
Highlighted and fully analysed the effect of initial pressure on the results of deconvolution. Additionally, analysed how the 
deconvolution algorithm was affected by pressure and rate data and by the duration of the pressure buildup period.  
Objective of the paper: 
To bring awareness to several key issues which affect correct deconvolution results. To demonstrate reliable use of 
deconvolution on a number of real test examples. 
Methodology used: 
The same deconvolution was performed, but the initial pressure was varied to see the impact of having a correct initial 
pressure, a low initial pressure, and a high initial pressure.  
Conclusions: 
 Deconvolution results are very sensitive to initial pressure. Initial pressure must be correct otherwise the late-time trends 
within the deconvolution results (both convolved pressure and derivative) will be wrong. The accuracy of deconvolution is 
better for longer pressure buildup periods. 
 
 
SPE No. 93988 
Title : Analysis of an Extended Well Test to Identify Connectivity Between Adjacent Compartments in a North 
Sea Reservoir 
Authors: A. Gringarten 
Year: 2005 
Contribution: 
Demonstrated how well tests can be used to complement seismic interpretation and determine the compartmentalization of a 
field, which is of crucial knowledge to reservoir engineers when designing the Field Development Plan of a new field. 
Objective of the paper: 
To explore the usefulness of extended well tests to analyse reservoir characterization alongside seismic information. 
Additionally, to illustrate the effectiveness of deconvolution as a reservoir characterization tool since most buildups in 
standard well test analysis are too short to provide a wide radius of investigation. 
Methodology used: 
Field data from a North Sea reservoir was used to demonstrate well test analysis and deconvolution. The results were then 
compared to seismic interpretation.  
Conclusions: 
1. First to recommend that deconvolution be used to identify reservoir boundaries rather than the common practice of 
conventional well test analysis or simply relying on seismic alone.  
2. Recommends deconvolution instead of conventional well test analysis due to short flow periods of well tests which 
are difficult to interpret. 
 
SPE No. 102079 
Title : From Straight Lines to Deconvolution: The Evolution of the State of the Art in Well Test Analysis. 
Authors: A. C. Gringarten 
Year: 2008 
Contribution: 
Comprehensive overview of techniques and methods within the field of well testing and how they have changed over the 
years. 
Objective of the paper: 
To summarise and review how well testing has changed over the years, and to draw attention to the recent technological 
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developments within the field of pressure transient analysis – including deconvolution techniques. 
Methodology used: 
Presentation of different features which can appear in early time, middle time and late time. Analysis of how methods have 
improved in accuracy and ease of use from 1950s- 2000s. Study of how different reservoir boundary systems and reservoir 
properties can affect straight line analyses. Log-log analysis study including how a log-log plot is affected by different 
features detected within a well test. Study of how log-log derivatives can be distorted when equivalent time is used. 
Demonstration of the benefits of deconvolution. Analysis of future developments within the fields of well test analysis and 
deconvolution. 
Conclusions: 
Methods in well test analysis have grown hugely since the 1950s and are likely to continue to grow in the future.  
 
 
SPE No. 102484 
Title : Deconvolution of Multiwell Test Data 
Authors: M. Levitan 
Year: 2007 
Contribution: 
First attempt of a multiwell deconvolution algorithm. 
Objective of the paper: 
To present an algorithm which can deconvolve multiple wells at once which are experiencing interference. 
Methodology used: 
Extended the single-well algorithm in Levitan, (2005) to account for interference between wells. Tested the algorithm on  
Conclusions: 
1. First to formulate a multi-well deconvolution algorithm which is tested on synthetic pressure and rate data. 
Importance of correct testing sequence is highlighted (coordinating one well to be observing while the other 
interfering wells are active) rather than all wells being active all the time. 
 
 
SPE No. 102575 
Title : An Investigation of Recent Deconvolution Methods for Well Test Analysis 
Authors: M. Onur, M. Cinar, D. Ilk, P. P. Valko, T. A. Blasingame, P. S. Hegeman 
Year: 2008 
Contribution: 
Independent assessment of all deconvolution methods presented in recent years. 
Objective of the paper: 
To discuss specific features of each method and to identify the successes of each method. Additionally, to provide extra 
proof that deconvolution can be used as an effective interpretation tool of reservoir rate and pressure data. 
Methodology used: 
Three single-well algorithms were used: von Schroeter et al, (2002, 2004), Levitan (2005), Levitan et al, (2006) and Ilk et al 
(2006a, b). 
Conclusions: 
1. The von Schroeter et al method ensures positivity in deconvolved pressures and derivative responses. It accounts 
for pressure and rate uncertainties. It allows initial reservoir pressure to be unknown.  The algorithm only requires 
two inputs, of which the default values are usually satisfactory to use. A disadvantage of the von Schroeter 
algorithm is that there are sometimes artifacts on the first log cycle due to the algorithm assuming a unit slope 
wellbore storage feature. However, these artifacts are gone by the end of the first log cycle.  
2. The Levitan method also ensures positivity in deconvolved derivatives, and accounts for pressure and rate 
uncertainty. It allows treatment of initial reservoir pressure and rates as unknown. It requires three input 
parameters. However, it does not have the same unit slope assumption as the von Schroeter method, so the artifact 
resulting from that assumption does not show up. As a consequence of this, there is no positivity constraint on the 
constant unit-rate drawdown pressure response at the first grid node, so the value may be negative, causing an 
additional artifact. 
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3. The Ilk et al algorithm allows rates to be modelled as continuous measurements. The statistics generated by this 
algorithm may be wrong so statistics of the pressure match should be treated with caution. Algorithm does not 
ensure positivity in deconvolved responses.   
 
 
SPE No. 113877 
Title : Influence of geological features on Well Test Behaviour 
Authors: Mijinyawa, A. and Gringarten, A.C. 
Year: 2008 
Contribution: 
Examines four common types of reservoir geometries and shows how those geometries will be displayed in a well test. 
Objective of the paper: 
To analyse how different configurations of reservoir geometry will be displayed in a well test, including a semi-infinite 
channel with non-parallel sides, T-shape channel behavior, meandering channel behavior, and a pinch-out boundary. 
To investigate how the well test response will change if the angle of a feature changes. 
Methodology used: 
Models were defined in numerical simulators (Ecrin 4.0 from Kappa Engineering and Eclipse 100 from Schlumberger). 
Reservoir was assumed to be homogenous and high permeability to accelerate the onset of late-time behavior. The pressure 
responses from these numerical simulators were then analysed as conventional well test analysis. 
Conclusions: 
1. A semi-infinite channel with non-parallel sides has the same behavior as two wedges. A T-shape channel has the 
same behavior as two channels, one following the other. It is possible to estimate the width of each branch of the 
channel and the distance from the well to the main branch. A meandering channel behaves like a wedge and a 
channel. It is possible to determine the meander angle, the average of the widths of the channel on each side of the 
meander, and the distance from the well to the closest boundary. A pinch out behaves as a single sealing fault. If 
the pinch-out angle is small, it can be determined from well test analysis.  
 
 
SPE No. 166458 
Title : Multiple Well Deconvolution 
Authors: J. Cumming, D. Wooff, T. Whittle, A. Gringarten 
Year: 2013 
Contribution: 
First to formulate a multiwell deconvolution algorithm which is tested on a field example (in a gas field), with uncertainty 
analysis which considers the impact of non-uniqueness on multiwell deconvolution.  
Objective of the paper: 
To introduce the new extension of the single-well deconvolution algorithm, and to prove its utility by performing multiwell 
deconvolution on a synthetic data set and a field data set, and then to analyse the uncertainty of the algorithm. 
Methodology used: 
The algorithm was used to first perform multiwell deconvolution on a synthetic dataset which was generated by forcing the 
synthetic wells to interfere. The algorithm was then used to perform multiwell deconvolution on a raw field dataset.  
Conclusions: 
1. Extends the single-well deconvolution algorithm developed by von Schroeter et al (2004), to account for 
interference between wells so that the algorithm could be applied to a field with multiple producing wells. 
2. The paper shows that multiwell deconvolution is a viable option of well test interpretation.  
3. The algorithm will be useful in early field life before multiphase flow occurs, which would cause additional 
complexity to the problem. 
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Appendix A.3: Methodology of multiwell deconvolution 
 
 
 
Figure 34: Workflow of multiwell deconvolution method 
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Appendix A.4: Determining initial pressure of P1, P2 and P13  
 
The reservoir in question had a standard initial pressure (at the reference depth in question) of 4589psia. However, if this is 
indeed the correct initial pressure of each well, then when two or more build-ups from each well are deconvolved, their late-
time behaviors should be consistent, as detailed by Levitan, et al, (2006). 
Single-well deconvolution was used to deconvolve between two and three different buildups from each well and 
observe their late time behavior. It was found that the standard initial pressure of 4589 psia at the reference depth was 
satisfactory as a value of initial pressure. 
 
 
Figure 35: P1 single-well deconvolved derivatives – deconvolving three separate build ups, at different initial pressures 
 
Figure 36: P2 single-well deconvolved derivatives – deconvolving three separate build ups, at different initial pressures 
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Figure 37: P13 single-well deconvolved derivatives – deconvolving three separate build ups, at different initial pressures 
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Appendix A.5: Examples of the quality of history match obtained by multiwell deconvolution algorithm  
 
Figure 38: Example history match for single well deconvolution of P13 
 
Figure 39: Example history match for deconvolution of P13 and P11 
Deconvolutions with greater numbers of wells still produced good history matches – however, the plots are difficult to 
understand because of the large number of lines overlying each other on the same plot.  
Application of Multiple Well Deconvolution Method in a North Sea Field  27 
 
Appendix A.6: Regular Well Test Analysis of Testing Group 1 with boundary model determined by 
deconvolution  
 
The boundary fault model shown in Figure 14 was applied to regular well test analysis data for P1, P2, and I1. 
 
Well test analysis of P1: 
 
Figure 40: Pressure match for P1 well test analysis using boundary model determined by deconvolution 
 
Figure 41: History match obtained for P1 well test analysis 
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Figure 42: Semi-log plot for P1 well test analysis 
Well test analysis of P2: 
The regular well test analysis data was relatively noisy for this well, leading to a slightly lower quality of pressure match. 
 
 
Figure 43: Pressure match for P2 well test analysis using boundary model determined by deconvolution 
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Figure 44: History match obtained for P2 well test analysis 
 
 
Figure 45: Semi-log plot for P2 well test analysis 
Well test analysis of I1: 
 
Figure 46: Pressure match for I1 well test analysis using boundary model determined by deconvolution 
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Figure 47: History match obtained for I1 well test analysis 
 
 
 
Figure 48: Semi-log plot for I1 well test analysis 
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Appendix A.7: Regular Well Test Analysis of Testing Group 2 with boundary model determined by 
deconvolution 
 
Well test analysis of P13: 
 
Figure 49: Pressure match for P13 well test analysis using boundary model determined by deconvolution 
 
Figure 50: History match obtained for P13 well test analysis 
 
Figure 51: Semi-log plot for P13 well test analysis 
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Appendix A.8: Study of algorithm run-times 
 
Number of pressures/rates used in the test data subset. 
 
 
Well Number of pressures Number of rates 
1 2583 206 
2 1943 167 
3 2052 160 
4 2991 203 
 
 
Specifications of computers used in the run-time study 
Computer 1: Intel Xeon 2.80 GHz and 2.79 GHz (2 processors), with 4.00GB RAM and 64-bit Operating System. 
 
Computer 2: Intel Xeon 2.70 GHz and 2.70 GHz (2 processors), with 32.00 GB RAM and 64-bit Operating System. 
 
 
